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FORE WORD 

The FS- 1 apex-forward t r im  point investigation 
was conducted under NASA Apollo contract NASS- 150. 

This report  was prepared by G. G. Davis of the 
Wind Tunnel Test  Group, Space and Information 
Systems Division of North American Aviation, Inc. 
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ABS TRACT 

'Various external aerodynamic devices on the 
ad to ~ l i ~ i n a t ~  an undersirable 
ed in tho Jet Propulsim 

~~~~~~~d module dea 
trim ~ ~ ~ a d i t i ~ n  were t 
~ ~ ~ ~ X ~ ~ Q ~ ~ ~ S  2Q-inch enpxre,cmic wind tunnel at Mach 
numbers of 0,70, 1 .45 ,  and 5.01 uaing a 0, O2mscale 
Ap0ll0 force model. (FS-1). The model c o d  
and installation are described, and the aper 
~~t~~~~ and instrumentation are specified. Standard 
farce and moment cooffisienta are presented in both 

las and plotted form. 
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I. INTRODUCTION 

The Apollo force model FS-1 tests were conductedin the Je t  Propulsion 
Laboratory's 20-inch supersonic wind tunnel 7 November to 13 November 
1962. 

Early wind tunnel tes t  results indicated a strong secondary trim point 
occurring in the apex-forward command module attitude, 
this test  was to determine the effectiveness of several  aerodynamic devices 
designed to eliminate this undesirable t r im  condition in the 50- to 80- degree 
angle-of-attack region. A ser ies  of command module configurations employ- 
ing these aerodynamic devices for increasing the vehicle pitching moment 
about its center of gravity was investigated for  static stability at Mach 
numbers 0. 70, 1. 65, and 5. 01. A total of 658 acceptable data points were 
taken at these Mach numbers. 

The objective of 

Basic wind tunnel tes t  data only a r e  presented to make the test  results 
available at the ear l ies t  possible date. 
will be reported in a separate document. 

Analyses and summary of results 1 

Additional information concerning these tes ts  can be found in the 
pretest  report. 1 

'Pretest  Report for  a 0.02-Scale Apollo Force Model (FS-1) in the JPL 
Wind Tunnels. NAA/S&ID SID 62-246 (12 February 1962). 

.p (. c 
I' * *  - 1 -  
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I I .  MODEL DESCRIPTION 

Four 0. 02-scale commandmodule models were used inthese tests to obtain 
an angle-of-attack range from 0 to 168 degrees. 
except for the angle between the model axis of symmetry and the centerline 
of the balance cavity. 
in Figure 1. 

The models were identical 

The basic command module configuration is shown 

Model 1, which has a sting cavity axis location at 0 degrees with 
respect to the command module centerline, covered the angle-of-attack 
range from 0 to 25 degrees. Model 2, with the sting cavity axis at 40 
degrees with respect to the centerline, covered the angle-of-attack range 
from 22 to 68 degrees. Model 3, with the sting cavity axis at 80 degrees 
to the command module centerline, covered the angle-of-attack range from 
65 to 108 degrees. Model 4, with the sting cavity axis a t  140 degrees with 
respect to the command module centerline, covered the 122 to 168 degrees 
angle-of-attack range. 

The models were modified to permit testing the following aerodynamic 
devices: 
heat shield (Figures 3 and 4), strakes (Figure 5), tapered strakes (Figures 6 
and 7), and combination flat plate and tapered strakes (Figure 8). 

flat plate located on the apex (Figure 2), spoilers located on the 

The models were designed and fabricated by North American Aviation, 
Pa r t s  and pertinent detail drawings for the command module a r e  Inc. 

presented in the following listing. 

” \  
i“ 

Symbol 

C2 

CZF7 

C2F8 

C2F9 

cZL7 

‘ZL8 

NAA Drawing Number 

71 21- 1053 

71 21 - 11 14 

7121-1 114 

7121-1114 

7121-1114 

71 21- 11 14 

Part Number 

-3 ,  -4, -7, -9, - 11 

-2, -4, -5 

-14 

-3 ,  -15 

-6, -9 

-7, -10 

- 3 -  
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NAA Drawing Number 

7121-1 114  

7121-1114 

7121-1 1 14 

7121-1114 

Part Number 

-8, - 1 1  

-12  

-6, -12 

-2, -4, - 5 ,  -6 ,  -12 

- 4 -  
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1 1 1 .  INSTRUMENTATION AND OPERATING CONDITIONS 

FORCE MEASUREMENT 

Six-component force and moment data were measured with the JPL 
SGB 6-5 balance without the water jacket. 
Hughes 9-degree offset remote roll head (Figure 9). 
two angle-of-attack ranges were essentially obtained for each model with 
this a r r ang ement . 

The balance was mounted on the 
By rolling the model, 

PRESSURE MEASUREMENT 

Pres su re  measurements were taken at the end of the sting closest to 
the base of the model to assist in the correlation of data f rom one sting angle 
( e )  to data of another sting angle for the same angle of attack. 
ions were made to force and moment data presented in this report. 

No correct-  

FLOW VISUALIZATION 
1 

Installation photographs were taken for typical configurations (Figures 
10 to 14), and Schlieren photographs (Figures 15 to 24) were taken at approxi- 
mately 15 degrees throughout the angle-of-attack range for each configuration 
and Mach number. 
Mach number 0.70 and a = 65 to 75 degrees for configurations C2 and C2Fg. 

Motion pictures were taken of the flow conditions at 

FLOW CONDITIONS 

Nominal flow conditions are p 

Mach Number 

esented in the following listing: 

Reynolds No. x 
(Based on Command 
Module Diameter) 

0. 70 
1. 65 
5. 01 

1. 17 
0.942 
0. 77 

Actual conditions are l isted in the tabulated data in  Appendix B. 

- 5 -  
SID 62-1447 



TH A M E R I C A N  AViATION, INC.  BPACB1 and INFORMA'XE6N S'IIWPBIMB DlIVIB1ON 

- 6 -  
Su) 62-1447 



N O R T H  A M E R I C A N  AVIATION,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

co " ,  

IV. TEST PROGRAM 

A summary of the runs completed a r e  presented in the following 
tabulation: 

- 7 -  
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Model 
Csnfigurat ion 

c2 =11 

e"2 E13 

c2 =7 L1l 

0.70 

Mach Nu& 

1. 65 

29 
30 
31 
32 

33 
34 
35 
36 
37 
38 
39 

42 
43 
44 
45 
44 
40 
41 

68 
69 
70 
71 
72 

a 
66 

5.01 

83 
84 
85 
86 

144 
145 

139 
142 
143 
140 
14 1 

89 
117, 118 
119 
120 
121 
87 
88 

123 
124 
125 
126 
127 
128 

8 
(Degrees) 

80 
80 
140 
140 

80 
80 

40 
80 
80 
140 
140 

0 
40 
40 
80 

0 
140 
140 

0 
4 
40 
80 
80 
140 
140 

8 
40 
40 
80 
80 
140 
140 

4B 
,Degrees) 

180 
0 

180 
0 

180 
0 

0 
180 

0 
180 
0 

0 
180 

0 

0 
P 80 
0 

0 
188 

8 
LBO 
0 

188 
8 

0 
180 

0 
180 

0 
1 80 

0 

a Range 
:Degree 8 )  

65 to 80 
80 to 108 

122 to 140 
L40 to 168 

52 to BO 
$0 ts 108 

40 to 68 
65 t o  80 
8 0 t o  188 

122to 140 
940 to 168 

0 to 25 
22 to 40 
40 to  6% 
65 to 80 

122 to 140 
140 to 168 

0 to 25 
22 to 40 
40 to 68 
65 to 80 
80 to 108 
122to 140 
140 to 168 

Oto 25 
22 to 40 
40 to 68 
65 to 80 
80 to loa 
122 to 148 
140 to itia 

- 8 -  
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DATA REDUCTION CONSTANTS 

a 8 

4 

The following data reduction constants were used in  reducing the force 
and moment data to coefficient form. 

2 Reference a rea ,  S = 7.4506 in. 

Reference length, d = 3. 08 in. 

Reference center of gravity location: - = 0.68564, - = 0.059 
d d 

- - 
X Z 

= 2. 112 inches aft of command module apex along the axis of 
s ymmet r y 

- 
2; = 0. 182 inches below axis of symmetry 

NOMENCLATURE 

a Angle of attack of model axis of symmetry (zero when apex i s  
forward), degrees 

4B 
M 

CN 

CA 

cmcg 

cmA 

Angle between balance axis and model axis of symmetry, degrees 

Model radial location looking upsteam (0 degrees is on top center 
line, rotating clock-wise), degrees 

Sting roll angle, degrees 

Mach number 

Normal force coefficient 

Axial force coefficient 

Pitching moment about the center of gravity 

Pitching moment coefficient about the apex 

Side force coefficient 

Yawing moment coefficient 

Lift coefficient 

- 9 -  
SID 62-1447 
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CD Drag coefficient 

XCP/d Center of pressure measured from apex along the axis of 
symmet ry 

pb Base pressure 

- 10 - 
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FULL-SCALE DIMENSIONS - INCHES 
NOT TO ANY SCALE 

\c 184.8R 
Figure 1. C 2 Model Configuration 
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Figure 15. C2 Typical Schlieren Photographs 
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M = 5.01 
a = 80 DEGREES 

Figure 18. c2L8 Typical Schlieren Photograph 

DEGREES 

,I 
Figure 19. C2F9 Typical Schlieren Photograph 
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M = 5.01 
a = 68 DEGREES 

M = 5.01 
a = 152 DEGREES 

I 

Figure 2 1. C2Lq Typical Schlieren Photographs 
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M = 1.65 
a = 0 DEGREES 

M = 1.65 
= 6% DEGREES 

Figure 24. C2F7L1 Typical Schlieren Photographs 
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INDEX OF PLOTTED DATA 

Configuration and Mach Number 

C2, M = 0.70 . . . 
CzF7, M = 1.65 

C2F7, M = 5.01 

C2F8, M = 0.70 

CZF8, M = 1.65 

C2F8, M =  5.01 

C2F9, M = 5.01 

C2L7, M = 1.65 

C2L7, M = 5.01 

CzL8, M = 5.01 

CzL9, M = 5.01 

CZLll,  M = 1.65 

CzL11, M = 5.01 
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. 

. 

. 
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